Summary. Divergent selection has resulted in two lines of lambs (high and low) that have a 5-fold difference in their ability to release luteinizing hormone (LH) 
Introduction
It has been proposed that the rate of genetic improvement of reproductive traits such as ovulation rate, which can only be measured in one sex, could be significantly accelerated if a highly correlated character was identified in the opposite sex and used as a selection criterion in subsequent selection programmes (Land, 1973; Walkley & Smith, 1980) . As reproductive function in both sexes is con¬ trolled in part by the concentrations of, and the interactions between, gonadotrophins and steroids, it was proposed that manipulation of these reproductive aspects in males would lead to correlated changes in female reproductive performance. When the selection programme was initiated, the physiological characterization of different breeds of sheep differing in prolificacy indicated a positive correlation between prolificacy and the concentration of LH in the peripheral circulation (Thimonier et al.; , Bindon & Turner, 1974 Carr & Land, 1975) .
If a trait is to be considered as an indirect selection criterion, it must satisfy at least two con¬ ditions. Firstly, the trait must be highly and positively correlated with the trait of interest, and, secondly, it must be easily measurable in young animals (Walkley & Smith, 1980) . Because of the pulsatile nature of LH release, the repeatability of consecutive LH measurements is low and this limits the use of a single LH measurement as an indicator of the peripheral LH concentration. Therefore, to obtain an accurate measurement of LH concentration in the peripheral circulation, a number of blood samples need to be collected at frequent intervals, making LH an unsuitable trait to measure in young lambs. To overome this problem it was proposed that the LH response to a dose of exogenous GnRH could be used as a measure of the peripheral LH concentration (Bindon & Turner, 1974) . This character was demonstrated to have a higher repeatability (0-5) than single estimates of peripheral LH concentration (Land & Carr, 1979) and to be highly and positively correlated with mean LH concentration (Bindon & Piper, 1976) .
Divergent selection lines were set up, based on the magnitude of the LH response of 10-weekold Finn-Dorset ram lambs to a pharmacological dose of GnRH (5 µg) (Lee & Land, 1985) . After 8 generations of selection, a 5-5-fold difference existed in the magnitude of the LH response of the high-and low-line 10-week-old ram lambs to a 5 µg GnRH challenge; 10-week-old ewe lambs from the two lines also exhibited a significant 2-5-fold, between-line difference in their LH response to a GnRH challenge (Haley et al., 1989) . These between-line differences were maintained in male and female lambs until at least 20 weeks of age. Direct and indirect effects of selection in the ewes and lambs of both lines have been reported (Haley et ai, 1989) .
Both LH and FSH synthesis and secretion are controlled by a complex interaction between the hypothalamus and/or pituitary gland, acting via GnRH secretion, and gonadal negative and posi¬ tive feedback. This study investigated whether the five-fold difference in the ability of the two lines to release LH in response to GnRH was due to differences in the control of LH secretion at the hypothalamus/pituitary gland or to differences at the level of the gonad via gonadal negative feedback.
Materials and Methods
Animals. The lambs used in this experiment were from two genetically distinct lines of Finn-Dorset sheep (Haley et ai, 1989) (Martensz et ai, 1976; Webb et ai, 1985a) ; the FSH concentrations were measured in a homologous assay supplied by NIDDK. Sequential samples from each animal were measured in duplicate in a single assay to reduce interassay variation. The limits of detection for the two assays were 009ng NIH-LH-S 18/ml and 013ng NIDDK-oFSH-RPl/ml. The inter-and intra-assay coefficients of variation were 10-35 and 8-36%, respectively, for the LH assay and 10-80 and 6-48%, respectively, for the FSH assay.
Testosterone concentrations were measured by a double-antibody radioimmunoassay following extraction of the samples by affinity chromatography (Webb et ai, 1985b) . The samples were measured in two assays with a mean detection limit of 003 ng/ml and the inter-and intra-assay coefficients of variation were 3-71 and 3-74%, respectively. The oestradiol concentrations were measured in a single radioimmunoassay (Webb et ai, 1985b) following extraction of the samples by affinity chromatography. The minimum detectable dose of oestradiol in this assay was 0-4 pg/ml and the intra-assay coefficient of variation was 1-38%.
Statistical analysis. 
Results

Testosterone
Testosterone was measured in the intact and castrated lambs from both lines in the samples taken before the administration of GnRH (Fig. 1) . The concentration of testosterone in the castrates of both lines was low on all sampling occasions. In the intact animals from both lines, there was an increase in the peripheral testosterone concentration over the experimental period, a statistically significant increase (P < 0001) occurring between 10 and 20 weeks of age. As a result of the pulsatile nature of testosterone secretion, there was considerable within-line variation in the mean testosterone concentrations on all sampling occasions and hence no significant difference was observed between the two lines at any of the sampling periods. 
Oestradiol
The concentration of oestradiol in the peripheral circulation was measured in all animals, at all ages (Table 1) . No significant differences were seen between lines, between treatments or between ages. LH. The baseline LH concentration was estimated in the animals in which the LH concen¬ tration remained constant on both sampling occasions (Table 2 ). In the intact animals from both lines, the basal LH concentration increased significantly (P < 005) between 2 and 10 weeks of age and then decreased between 10 and 20 weeks of age. The pattern of LH secretion with age was different in the castrated animals, the concentration of LH increasing significantly (P < 0001) throughout the experimental period in both lines. There was no interaction between the line of origin of the lambs and the experimental treatment, and hence the two characters were analysed separately. Within each line, significant differences (2 weeks: < 001; 6, 10 and 20 weeks: < 0001) were present between the intact and castrated groups at all of the ages tested, even at 2 weeks of age; the castrated lambs exhibited the expected high LH concentrations.
The effects of line of origin were compared within each treatment group. In the castrates, the high-line animals had a significantly higher basal LH concentration than the low-line animals at 2, 6, 10 and 20 weeks of age (P < 0001). In the intact animals, the difference between the basal LH concentrations of the high-and low-line animals approached statistical significance at 2 weeks of age and differed significantly at 6 weeks of age (P < 005). No significant difference was seen between the two lines at 10 and 20 weeks of age. (Table 3) . A significant interaction (P < 001) was noted between the effects of age and gonadal status (intact/castrated), as seen by the changing magnitude of the between-line difference in the mean baseline FSH concentration in the intact and castrated animals, with age. The basal FSH concentration in the intact animals from both lines increased significantly (P < 005) between 2 and 6 weeks of age, but declined between 6 and 20 weeks of age. The pattern of basal FSH secretion in the castrated animals was similar to that seen for LH, increasing significantly (P < 0-001) in both lines over the whole of the experimental period. The basal FSH concentrations in the castrated lambs were significantly (P < 0-01) higher than those of intact lambs, in both selection lines at all ages tested. Within each treatment group, the basal FSH secretion was significantly (P < 001) higher throughout the experimental period in the high-line than in the low-line lambs.
Gonadotrophin responses to 5 µ» of exogenous GnRH LH. The LH response to GnRH was defined as the maximum LH concentration seen on any of the three sampling occasions following the administration of GnRH, minus the mean basal LH concentration for that group. In all cases the maximum LH response in all animals was measured in the first sample following the GnRH challenge. The geometric mean LH response for each group was calculated and the results were plotted against age (Figs 2a, 2b) . The magnitude of the LH response in the intact animals from both lines increased significantly (P < 0001) between 2 and 10 weeks of age and decreased between 10 and 20 weeks of age. This pattern of change is similar to that seen in the basal LH concentration of the entire lambs. In the castrated animals, the magnitude of the LH response to GnRH increased with age, in both lines. The LH response in the high-line animals reached a plateau at 10 weeks of age, no significant increase in the response occurring at 20 weeks of age.
As with the basal LH concentrations, there was no significant interaction between the LH response to GnRH stimulation and either the line of origin of the lambs or their gonadal status. The effects of line and gonadal status were therefore analysed independently. Significant differences (2 and 10 weeks < 005; 6 and 20 weeks < 0001) occurred between the intact and the castrated lambs of each line throughout the experimental period; the mean LH response being greater in the castrated than in the intact animals at each age. Similarly, significant (P < 0001) differences were (Figs 3a and 3b ). The castrated animals had a significantly larger response than the intact animals within each line on all of the sampling periods (P < 0001). Similarly, within the intact and castrated treatment groups, the high-line animals had a signifi¬ cantly larger response than the low-line animals at all ages (P < 0-01). The FSH response to GnRH stimulation was also examined in terms of the rate of decay of FSH in the peripheral circulation. At 2 and 6 weeks of age the rate of decay of FSH in the peripheral circulation was the same in all four of the treatment groups, although as previously described, the magnitude of the response differed. At 10 weeks of age there were significant differences (P < 0-05) in the FSH decay rates between the intact ( -3-3 ± 0-3 pg/ml/min) and castrated lambs ( -20 + 0-3 pg/ml/min). At 20 weeks of age, the FSH decay rate differed significantly (P < 005) between the two lines, the high-line animals (-4-8 + 1 1 pg/ml/min) having a faster rate than the low-line animals (-0-9 + 1-0 pg/ml/min).
Discussion
This study has demonstrated that (i) a between-line difference in the ability of intact lambs to release LH in response to exogenous GnRH is present even in 2-week-old lambs, and is maintained up to 20 weeks of age, despite a significant increase in the concentration of testosterone in the peripheral circulation; and (ii) the removal of gonadal negative feedback has no effect on the between-line difference in the amount of LH secreted in response to an exogenous GnRH challenge. Both these results demonstrate that the difference in the ability of the two lines to respond to GnRH is at the level of the hypothalamus and/or pituitary gland and is not due to differences in gonadal negative feedback.
The maturational changes in the patterns of tonic gonadotrophin secretion observed in this study were similar in the intact lambs from both lines and comparable to those seen in spring-born Suffolk lambs (Yarney & Sanford, 1985) , the mean basal LH concentration increasing between 2 and 10 weeks of age and decreasing thereafter. A similar pattern of change was seen in the secretion of FSH, although the concentration of FSH decreased after 6 weeks of age. The changes observed in the concentration of gonadotrophins in the peripheral circulation during the weeks after birth are due to maturational changes in the regulatory control of gonadotrophin secretion. The initial increase in gonadotrophin concentrations is probably caused by an increase in the competence of the hypothalamo-pituitary complex to secrete GnRH, as shown by the increase in basal gonado¬ trophin concentrations (Tables 1 and 2) , combined with an increase in the ability of the pituitary gland to respond to GnRH stimulation (Figs 2 and 3) .
The results of this study confirm and extend the previously documented effects of gonadal negative feedback on gonadotrophin secretion in ram lambs (Crim & Geschwind, 1972; Riggs & Malven, 1974; Olster & Foster, 1986) and demonstrate that gonadal negative feedback has a signifi¬ cant effect on gonadotrophin secretion from at least 2 weeks of age. No significant differences were observed in the oestradiol concentrations in intact and castrated lambs at any of the ages tested; but the mean oestradiol concentrations in the castrated lambs were greater than expected in both selec¬ tion lines and in some cases exceeded those measured in the intact lambs. These higher oestradiol concentrations in the castrated animals presumably occur because of the production of oestradiol by extra gonadal tissue such as the adrenals. The feedback effects of the gonad, however, appear to be independent of the effects of oestradiol, as the concentration of oestradiol, unlike the effects of gonadal feedback, did not change significantly with age in either line or in either treatment. The mean testosterone concentration in the entire lambs in this study increased throughout the experimental period and is similar to the patterns of testosterone secretion reported previously in prepubertal ram lambs (Yarney & Sanford, 1985; Olster & Foster, 1986) . In the intact lambs, a significant increase was observed in the testosterone concentration between 10 and 20 weeks of age, coincident with the decrease in both basal and GnRH-induced LH secretion. Therefore, it would appear that an increase in the sensitivity of the hypothalamo-pituitary gland complex to testos¬ terone, combined with the increase in the amount of testosterone negative feedback, could be responsible for the decrease in LH secretion between 10 and 20 weeks of age. The decrease in the peripheral concentrations of FSH occurs at an earlier age, between 6 and 10 weeks, in both lines. Therefore, either FSH is more sensitive to the increase in testosterone negative feedback or FSH secretion is being suppressed by some other gonadal factor. FSH secretion in adult ewes (Martin et al., 1988) and rams (Lincoln & McNeilly, 1989 The FSH response to GnRH stimulation was small, but significant between-line differences were present in intact and castrated lambs at all ages. The difference in the rate of decay of FSH in the peripheral circulation, following the GnRH challenge in the entire and castrated lambs at 10 and 20 weeks of age, is similar to that reported in adult ewes (Fry et al., 1987) and rhesus monkeys (Peckham et al., 1973) , in which the decay of FSH is faster in intact than in ovariectomized animals. A similar effect has been reported for LH in monkeys (Peckham & Knobil, 1976) . Analysis of the chemical structure of the LH and FSH secreted by the ovariectomized and intact rhesus monkeys (Peckham et al., 1973; Peckham & Knobil, 1976) , indicated that the sialic acid content increased in the animals after gonadectomy and provides a possible structural reason for the extended half-lives of the two gonadotrophins in the gonadectomized animals.
Persistent differences occurred between the two lines in the basal FSH concentrations in intact and castrated lambs (Table 3 ). In contrast, however, the between-line difference in the basal LH concentration in the entire lambs decreased with age, being significantly different at 2 weeks of age, bordering on significance at 6 weeks and non-significant at 10 and 20 weeks. However, in the castrated lambs the difference between the basal LH concentrations of the two lines was greater than that in the intact lambs and was maintained at all ages. The results therefore support the concept of differential control of LH and FSH secretion (Clarke et al., 1986) . The results also demonstrate that, despite the lack of an effect of gonadal negative feedback on the between-line difference in the LH response to a GnRH challenge, gonadal negative feedback does affect the differences in basal LH secretion in the two lines, masking the inherent between-line difference in basal LH secretion at 10 and 20 weeks of age.
The results of this study extend the results of Haley et al. (1989) by demonstrating that the between-line difference in the LH response to a GnRH challenge is present from at least 2 weeks of age and that differences exist in basal gonadotrophin secretion. Despite the demonstration that gonadal negative feedback has a significant effect on gonadotrophin secretion from at least 2 weeks of age and affects the between-line difference in basal LH secretion, the difference in the ability of the two lines to respond to GnRH stimulation was maintained at a constant level in both intact and castrated lambs. The difference in the ability of the two lines to respond to GnRH stimulation is independent of gonadal negative feedback and occurs as a result of differences in the control of LH secretion at the level of the hypothalamo-pituitary complex.
